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(54) POSITIONING GUIDANCE FOR RFID DEVICES

(57) Described is a method for guiding a user (290)
for positioning a first RFID-enabled device (110) relative
to a second RFID-enabled device (180) for allowing a
robust RFID communication between the two RFID-en-
abled devices. The described method comprise (a) plac-
ing the first RFID-enabled device to a first position relative
to the second RFID-enabled device; (b) receiving, by the
first RFID-enabled device, when being located at the first
position, a first RFID signal transmitted by the second
RFID-enabled device; (c) measuring, by the first
RFID-enabled device, a first signal strength of the first
RFID signal; (d) placing the first RFID-enabled device to
a second position relative to the second RFID-enabled
device; (e) receiving, by the first RFID-enabled device ,
when being located at the second position, a second
RFID signal transmitted by the second RFID-enabled de-

vice; (f) measuring, by the first RFID-enabled device, a
second signal strength of the first RFID signal; (g) deter-
mining, based on the first signal strength and on the sec-
ond signal strength, a movement indication (352, 354)
for a movement of the first RFID-enabled device towards
a target position, at which there is expected a target RF
coupling strength between the two RFID-enabled devic-
es, which is stronger than (i) a first RF coupling strength
being associated with the first position and (ii) a second
RF coupling strength being associated with the second
position; and (h) providing the determined movement in-
dication to the user of the first RFID-enabled device. Fur-
ther described is such a first RFID-enabled device and
a system comprising such a first RFID-enabled device
and such a second RFID-enabled device.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the technical
field of Radio Frequency Identification (RFID) communi-
cation between two RFID devices. In particular, the
present invention relates (i) to a method for guiding a
user for properly positioning first RFID-enabled device
relative to a second RFID-enabled device, (ii) to such a
first RFID-enabled device, and (iii) to an RFID commu-
nication system comprising such a first RFID-enabled
device and such a second RFID-enabled device.

BACKGROUND OF THE INVENTION

[0002] Modern mobile devices such as cellular phones
typically provide an RFID functionality. This means that
they can participate in a wireless RFID communication
with another RFID enabled device, e. g. an RFID reader
or an RFID terminal. Since RFID communication can also
take place between a (mobile) RFID enabled card or so
called smart card, an operational mode of a mobile device
which allows for RFID communication is also called card
emulation mode. This mode allows a user of the RFID-
enabled mobile device to perform use cases like a con-
tact-less payment, a transit to an otherwise restricted ar-
ea or a door access. To perform an RFID transaction,
the mobile RFID-enabled device has to be positioned in
the proximity of a corresponding (RFID-enabled) reader
terminal. More specifically, the reader terminal emits an
RF field via an antenna and the mobile RFID-enabled
device uses another antenna to pick-up the magnetic RF
field emitted by the reader antenna. Depending on the
relative geometric positioning of the mentioned antennas
the RF transaction robustness is impacted. In case of a
"bad" relative geometric positioning there is only a weak
antenna coupling which may cause an insufficient signal
to noise ratio for a robust signal decoding. This can lead
to failed RF transactions that cause user dissatisfaction.
[0003] Typically, it is not obvious for the user of a mo-
bile RFID-enabled device how to position their device
with respect to the reader terminal because the antenna
location of a mobile RFID-enabled device varies between
difference device models and different device vendors.
Additionally, most mobile RFID-enabled devices have no
antenna marking on its housing such as the backside of
the device. Similarly, also reader terminals often have no
clear marking of where their antenna is located or where
(the antenna of) the respective mobile RFID-enabled de-
vice should be placed. As a consequence, finding a good
relative geometric position or a good alignment between
(i) a mobile RFID-enabled device and (ii) a reader termi-
nal is often not obvious. Hence, RF transactions fail and
cause service non-availability and user dissatisfaction.
[0004] There may be a need for making an RFID com-
munication between a mobile RFID-enabled device and
a RFID-enabled reader terminal reliable.

OBJECT AND SUMMARY OF THE INVENTION

[0005] This need may be met by the subject matter
according to the independent claims. Advantageous em-
bodiments of the present invention are described by the
dependent claims.
[0006] According to a first aspect there is provided a
method for guiding a user for positioning a first RFID-
enabled device relative to a second RFID-enabled device
for allowing a robust RFID communication between the
two RFID-enabled devices. The provided method com-
prises (a) placing the first RFID-enabled device to a first
position relative to the (stationary) position of the second
RFID-enabled device; (b) receiving, by the first RFID-
enabled device, when being located at the first position,
a first RFID signal transmitted by the second RFID-ena-
bled device; (c) measuring, by the first RFID-enabled de-
vice, a first signal strength of the first RFID signal; (d)
placing the first RFID-enabled device to a second posi-
tion relative to the second RFID-enabled device; (e) re-
ceiving, by the first RFID-enabled device, when being
located at the second position, a second RFID signal
transmitted by the second RFID-enabled device; (f)
measuring, by the first RFID-enabled device, a second
signal strength of the first RFID signal; (g) determining,
based on the first signal strength and on the second sig-
nal strength, a movement indication for a movement of
the first RFID-enabled device towards a target position,
at which there is expected a target RF coupling strength
between the two RFID-enabled devices, which (target
RF coupling strength) is stronger than a first RF coupling
strength being associated with the first position and a
second RF coupling strength being associated with the
second position; and (h) providing the determined move-
ment indication to the user of the first RFID-enabled de-
vice.
[0007] The described method is based on the idea that
measurements of the signal strength of (pilot) RFID sig-
nals transmitted by the second RFID-enabled device to
the first RFID-enabled device can be used for guiding a
user of the first RFID-enabled device to move the first
RFID-enabled device to a good RF coupling position of
a first antenna of the first RFID-enabled device relative
to a (stationary) position of a second antenna of the sec-
ond RFID-enabled device. In other words, the deter-
mined movement indication, when being presented to
the user, allows the user to move the first RFID-enabled
device to a position wherein a good RF coupling is pro-
vided. As a consequence, a high quality and robust RFID
communication between the two RFID-enabled devices
can be guaranteed. This may allow to successfully exe-
cute RF transactions between the user of the first RFID-
enabled device and e.g. a vendor operating the second
RFID-enabled device.
[0008] The described method can be carried out in a
certain operational mode of the first RFID-enabled de-
vice. In this document this operational mode is called
alignment mode. In this mode, the first RFID-enabled de-
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vice may be continuously monitoring the received signal
strength of the RF field emitted by the second RFID-en-
abled device and may continuously report the received
signal strength to an application processor. A suitable
application running on the first RFID-enabled device in-
forms the user about the current RF link coupling quality
/ coupling strength. This can be realized by means of (i)
an optical visualization, e.g. on a display of the RFID-
enabled device, (ii) an acoustic signal, e.g. generated by
a speaker of the first RFID-enabled device or an ear-
phone being coupled with the first RFID-enabled device,
(iii) a mechanical signal, e.g. a vibration provided by a
vibrator of the first RFID-enabled device, and/or (iv) text
information which can be read by the user. In particular
the text information may allow to further instruct the user
to learn a position of the first RFID-enabled device on or
at the second RFID-enabled device, e.g. a reader termi-
nal, allowing for an increased communication robustness
also for future RF communication with the particular sec-
ond RFID-enabled device.
[0009] In some applications the RFID signals are Near
Field Communication (NFC) signals. In this case of
course the RFID correspondingly is an NFC communi-
cation and the two devices are NFC-enabled devices.
Hence, the described method can be realized in connec-
tion with almost any type of (modern) mobile end com-
munication device such as mobile or cellular phones.
[0010] For the sake of clarity it is mentioned in accord-
ance with known (RFID) communication standards NFC
is based on a set of communication protocols for com-
munication between two electronic devices over a dis-
tance of e.g. 4 cm or less. NFC allows for a slow but very
easy to realize data communication with simple setup.
[0011] According to an embodiment the first RFID-en-
abled device is a mobile device and the second RFID-
enabled device is a terminal or a reader device.
[0012] The described mobile device may be any type
of communication end device, which, apart from connect-
ing / communicating with the second RFID-enabled de-
vice via RFID technology, is capable of connecting / com-
municating with an arbitrary telecommunication network
access point such as a base station, a relay node or a
Wireless Local Area Network (WLAN) access point. In
particular, the mobile device may be a cellular or mobile
phone, a Personal Digital Assistant (PDA), a notebook
computer and/or any other movable communication de-
vice.
[0013] The described terminal or reader device may
be any communication device which is capable of trig-
gering nearby RFID-enabled devices by an electromag-
netic interrogation pulse and, in response to the trigger-
ing, communicating with the respective RFID-enabled
device. Apart from communicating with RFID-enabled
mobile devices the terminal / reader device may also
communication with an active and/or passive Integrated
Circuit Card (ICC), also called Smart Card. In this context,
an active ICC comprises a battery for powering an inte-
grated chip. A passive ICC "harvests" the energy needed

for operating its integrated chip from the energy of the
electromagnetic radiation emitted by the terminal / the
reader device.
[0014] The terminal / reader device may be a stationary
device, which may be used for commercial transactions.
Thereby, stationary means that it is assigned to a certain
location, e.g. a vendor’s shop. Of course, within rooms
of the vendor the terminal / reader device can be placed
at any convenient location.
[0015] According to a further embodiment the method
further comprises, (after providing the determined move-
ment indication), switching the operational mode of the
first RFID-enabled device from a first operational mode
to a second operational mode, wherein (i) the first oper-
ational mode is a measurement mode which enables the
first RFID-enabled device to measure at least the first
signal strength and the second signal strength and (ii)
the second operational mode is a card emulation mode
which enables the first RFID-enabled device to provide
the functionality of an Integrated Circuit Card.
[0016] In some embodiments, as has already been
mentioned above, in the alignment mode the first RFID-
enabled device may (continuously) monitor the currently
received signal strength of the RF field emitted by the
second RFID-enabled device and (continuously) report
the currently received signal strength to an application
processor for determining the target position as de-
scribed above.
[0017] The described switching may be carried out af-
ter the user has moved its first RFID-enabled device to-
wards the mentioned target position. In this context mov-
ing the first RFID-enabled device towards the target po-
sition means that after the moving the first RFID-enabled
device is closer to the target position as before and is
coupled "stronger" to the second RFID-enabled device.
[0018] According to a further embodiment the method
further comprises indicating a current RF coupling
strength to the user. This may help the user to get an
idea about the expected RFID communication link quality
at various positions of its first RFID-enabled device.
[0019] According to a further embodiment the switch-
ing from the first operational mode to the second opera-
tional mode is triggered by the user, whereby in particular
the triggering is initiated by a current RF coupling strength
being stronger than a predefined RFID coupling strength.
[0020] According to a further embodiment the switch-
ing from the first operational mode to the second opera-
tional mode is carried out automatically when a current
RF coupling strength or the current RF coupling strength
is stronger than a predefined threshold. This may help
to further automatize the ICC emulated RFID communi-
cation between the first RFID-enabled device and the
second RFID-enabled device.
[0021] The predefined threshold may depend on the
specific application. Specifically, the predefined thresh-
old may be configurable, e.g. by the user, an operator or
the second RFID-enabled device by means of appropri-
ate (RFID) control commands. For instance in environ-
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ments suffering from strong electromagnetic pollution the
predefined threshold may be comparatively high in order
to avoid a failure in the RFID communication between
the two RFID-enabled devices.
[0022] According to a further embodiment the method
further comprises, in the second operational mode, ex-
changing RFID data signals between the first RFID-en-
abled device and the second RFID-enabled device,
wherein the RFID data signals are associated with a
transaction. The described commercial transaction may
be a commercial transaction, in particular a (wireless)
payment process.
[0023] The transaction may be triggered by the user
request after the user found a good coupling position.
The triggering may be realized with pressing a (virtual)
button on a screen of the first RFID-enabled device,
which button is provided by a (transaction) application
running on the first RFID-enabled device. In some first
RFID-enabled devices the button is a physical button re-
alized in hardware at a casing of the first RFID-enabled
device.
[0024] According to a further embodiment, after
switching from the first operational mode to the second
operational mode, exchanging the RFID data signals is
started automatically. This may reduce the user interac-
tion for reliable (commercial) transactions. Hence, a pay-
ment process will be particularly easy for the user.
[0025] According to a further aspect there is provided
a first RFID-enabled device, which comprises (a) a first
antenna for receiving RFID signals from a second anten-
na of a second RFID-enabled device and for transmitting
RFID signals to the second antenna; (b) a signal strength
sensor, which is coupled to the first antenna and which
is configured for measuring a first signal strength of a
first RFID signal, which has been transmitted by the sec-
ond RFID-enabled device when the first RFID-enabled
device is located at a first position relative to the second
RFID-enabled device and for measuring a second signal
strength of a second RFID signal, which has been trans-
mitted by the second RFID-enabled device when the first
RFID-enabled device is located at a second position rel-
ative to the second RFID-enabled device; (c) a proces-
sor, which is coupled to the signal strength sensor and
which is configured for determining, based on the first
signal strength and on the second signal strength, a
movement indication for a movement of the first RFID-
enabled device towards a target position, at which there
is expected a target RF coupling strength between the
two RFID-enabled devices, which is stronger than a first
RF coupling strength being associated with the first po-
sition and a second RF coupling strength being associ-
ated with the second position; and (d) a user interface,
which is coupled to the processor and which is configured
for providing the determined movement indication to a
user of the first RFID-enabled device.
[0026] The described first RFID-enabled device is
based on the idea that the provided movement indication
can guide the user to (manually) position the first RFID-

enabled device at the target position or at least towards
the target position. This results in a stronger RF coupling
between the first antenna and the second antenna. This
stronger coupling increases the robustness of (wireless)
RFID communication between the two RFID-enabled de-
vices allowing for instance for a reliable / successful com-
mercial transaction.
[0027] Descriptively speaking, the user interface of the
described first RFID-enabled device provides a feedback
to the user about expected positions allowing for a strong
or stronger RF coupling strength. This feedback is based
on observed RFID signal strength levels which may be
so called Received Signal Strength Indicator (RSSI) lev-
els. This may help the user to position the first RFID-
enabled device into a sufficiently strong RF field at which
a robust RFID communication can be ensured.
[0028] According to an embodiment the processor is
configured for operating the first RFID-enabled device (i)
in a first operational mode, which enables the first RFID-
enabled device to measure at least the first signal
strength and the second signal strength and which dis-
ables the first RFID-enabled device to provide the func-
tionality of an Integrated Circuit Card, and (ii) in a second
operational mode, which enables the first RFID-enabled
device to provide the functionality of an Integrated Circuit
Card.
[0029] In some embodiments in the functionality to
measure the (first / second) signal strength is disabled
in the second operational mode. This may help to save
computational and/or electrical power.
[0030] The first operational mode may also be (denom-
inated) a "listen-only" operational mode wherein the sig-
nal strength sensor (continuously) measures the signal
strength of the RFID electromagnetic radiation transmit-
ted by the second RFID-enabled device and the proces-
sor (continuously) determines the movement direction.
[0031] According to a further embodiment the first
RFID-enabled device further comprises an accelerome-
ter sensor, which is coupled to the processor and which
is configured for providing acceleration data to the proc-
essor, wherein the processor is configured for calculating
trajectory information of a movement between the first
position and the second position, wherein for determining
the movement indication the calculated trajectory infor-
mation is taken into account. This may improve the reli-
ability and the preciseness of the determined movement
indication. Hence, a better guidance of the user for bring-
ing the first RFID-enabled device into an improved mag-
netic coupling condition can be realized. The acceleration
sensor may be in particular a three dimensional (3D) ac-
celeration sensor.
[0032] According to a further embodiment the first
RFID-enabled device further comprises a non-volatile
memory, which has stored at least one configurable sig-
nal strength range which is mapped to a device position-
ing quality.
[0033] The information stored in the non-volatile (NV)
memory can be used to inform the mobile device user
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whether the instantaneous position of the first RFID en-
abled device is a good operating point for a robust RFID
communication, or even automatically start an RF trans-
action in case a configurable threshold for the current
RFID signal strength respectively the current RF coupling
strength has been reached.
[0034] The signal strength mapping may be different
between different application environments of the first
RFID enabled device. Influencing factors may (a) be an
application dependent configuration of an RF modem,
which comprises the described signal strength sensor
and/or which (inter alia) performs the above described
functions of the signal strength sensor, (b) an electric
characteristic of an RF matching circuit, and/or (c) im-
pedances of the first antenna and/or the second antenna.
[0035] Additionally, the NV memory may store the
physical location of the first antenna inside the housing
of the first RFID enabled device. This information can be
used in a graphical user interface to signal to the user
where the active region for RFID communication can be
found.
[0036] According to a further embodiment the user in-
terface comprises a display. The display may allow to
visualize the movement indication and, in some embod-
iments the current RFID signal strength for the user. This
may make it easy for the user to move the first RFID-
enabled device to a good RF coupling position.
[0037] According to a further embodiment the user in-
terface comprises an acoustic output device and/or a vi-
brating actuator. This may allow to guide the user for
positioning the first RFID-enabled device without requir-
ing a "visual inspection" of the first RFID-enabled device.
Hence, during the guidance a potential display of the first
RFID-enabled device can be used for other purposes.
[0038] The acoustic output device may be a loud-
speaker and/or an earphone. The signal strength of the
current RFID signal transmitted by the second RFID-en-
abled device can be indicated with the repetition rate of
a beep tone and/or with the tone pitch of an acoustic
signal. The vibrating actuator may be an actuator which
in modern cellular phones is already present for making
the user of the cellular phone attentive in case the loud-
speaker is deactivated.
[0039] According to a further aspect there is provided
a RFID communication system, which comprises (a) a
first RFID-enabled device as described above; and (b)
the second RFID-enabled device.
[0040] It has to be noted that embodiments of the in-
vention have been described with reference to different
subject matters. In particular, some embodiments have
been described with reference to method type claims
whereas other embodiments have been described with
reference to apparatus type claims. However, a person
skilled in the art will gather from the above and the fol-
lowing description that, unless other notified, in addition
to any combination of features belonging to one type of
subject matter also any combination between features
relating to different subject matters, in particular between

features of the method type claims and features of the
apparatus type claims is considered as to be disclosed
with this application.
[0041] The aspects defined above and further aspects
of the present invention are apparent from the examples
of embodiment to be described hereinafter and are ex-
plained with reference to the examples of embodiment.
The invention will be described in more detail hereinafter
with reference to examples of embodiment but to which
the invention is not limited.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

Figure 1 shows an RFID communication system
comprising a cellular phone as a first RFID-enabled
device and an RFID reader terminal as a second
RFID-enabled device.
Figure 2 shows a sequence diagram of messages
exchanged between a mobile NFC-enabled device
and an NFC reader of a door lock system.
Figures 3a and 3b show two examples for a graphical
user interface which indicate the user to move the
first RFID-enabled device towards a better RFID
coupling position.

DESCRIPTION OF EMBODIMENTS

[0043] The illustration in the drawing is schematical. It
is noted that in different figures, similar or identical ele-
ments or features are provided with the same reference
signs or with reference signs, which are different from
the corresponding reference signs only within the first
digit. In order to avoid unnecessary repetitions elements
or features which have already been elucidated with re-
spect to a previously described embodiment are not elu-
cidated again at a later position of the description.
[0044] Figure 1 shows an RFID communication sys-
tem comprising a cellular phone 110 having an NFC func-
tionality as a first RFID-enabled device and an NFC read-
er terminal as a second RFID-enabled device. The first
RFID-enabled device 110 comprises a first antenna 112,
the second RFID-enabled device 180 comprises a sec-
ond antenna 182. Via the two antennas 112, 182 the two
RFID-enabled devices 110, 180 are coupled by means
of a per se known magnetic RFID coupling. Since a typ-
ical RFID communication scenario starts with a (first)
RFID signal being emitted by the NFC reader terminal
180 and being received by the cellular phone 110, the
second antenna 182 is denominated a primary antenna
and the first antenna 112 is denominated a secondary
antenna.
[0045] As can be taken from Figure 1, the NFC enabled
cellular phone 110 comprises an RF modem 120 being
RF connected to the secondary antenna 112. The RF
modem 120 comprises a signal strength sensor 122, here
a known RSSI sensor, which is described e.g. in the US
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patent US 9,887,832 B1. The RSSI sensor 122 continu-
ously measures the signal strength of any RF electro-
magnetic radiation captured by the secondary antenna
112.
[0046] As can be further taken from Figure 1, the NFC
enabled cellular phone 110 further comprises a proces-
sor 130, a card emulator unit 140, and a user interface
150. The processor 130 is communicatively coupled with
both the RF modem 120 and the card emulator unit 140.
In order to provide the described NFC functionality, which
allows the cellular phone 110 to communicate like an
ICC, the card emulator unit 140 is communicatively con-
nected directly with the RF modem 120.
[0047] During operation of the NFC enabled cellular
phone 110 the processor 130 executes an application
which guides a user to position the cellular phone 110
into a location where there is a strong RF coupling be-
tween the two antennas 112 and 182. The guiding appli-
cation 130 is interfacing with the mentioned other sub-
blocks and also performs an interaction with the (not de-
picted) user of the cellular phone 110. This interaction
typically includes a user interface application visualized
on a display / screen of the NFC-enabled cellular phone
110. However, also other or additional display options
like LEDs or a haptic and/or acoustic feedback can be
employed. Further details about this guiding application
130 are presented below.
[0048] According to the embodiment described here,
the NFC enabled cellular phone 110 further comprises
an (optional) non-volatile memory 160 and an (optional)
accelerator sensor 170, which are also connected with
the processor 130. According to the exemplary embod-
iment described here the non-volatile memory 160 has
stored at least one configurable signal strength range
which is mapped to a device positioning quality. The cor-
responding signal strength information can be used to
inform the user whether the instantaneous position of the
cellular phone 110 is a good operating point for a robust
RFID communication.
[0049] The accelerometer sensor provides 3D accel-
eration data to the processor 130. Based on this accel-
eration data the processor 130 calculates trajectory in-
formation of a movement of the cellular phone 110 be-
tween different positions at which there is respectively
measured the RFID signal strength. For determining a
user indication about a movement (direction) towards a
position with a stronger RFID coupling the processor 130
takes into account this trajectory information.
[0050] In operation of the RFID communication sys-
tem, the external NFC reader terminal 180 is generating
an RF field emitted by the primary NFC antenna 182,
which is magnetically coupled to the secondary NFC an-
tenna 112. Depending on the relative positioning of both
RFID enabled devices 110 and 180, the RF modem 120
will receive a stronger or weaker external RF field
strength. The RF modem comprises features a subunit,
which is the above mentioned RSSI sensor 122.
[0051] When following the indicated movement (direc-

tion) for repositioning the cellular phone 110, the RSSI
value captured by the RSSI sensor 122 will increase. If
the current RSSI value is above a certain threshold, an
RF transaction may be accomplished between the two
RFID enabled devices 110 and 180.
[0052] According to the exemplary embodiment de-
scribed here the NFC enabled cellular phone 110 can be
operated in two operational modes. A first operational
mode is a measurement mode which enables the cellular
phone 110 to continuously measure the signal strength
of the RF radiation transmitted by the NFC reader termi-
nal 180. Based on these measurements a movement in-
dication is determined and provided to the user which
allows the user to bring the cellular phone 110 into a
better RFID coupling position with respect to the position
of the NFC reader terminal 180. Hence, in this document
the first operational mode is also denominated alignment
mode.
[0053] The second operational mode is a card emula-
tion mode which enables the cellular phone 110 to pro-
vide the functionality of an Integrated Circuit Card.
[0054] The alignment mode may be started either (I)
intentionally by the user e.g. by pressing a button of an
application run on the cellular phone 110 or (II) after the
RF modem 120 has detected an external RF field having
a signal strength which exceeds a configured threshold
value stored in the non-volatile memory 160.
[0055] Above option (II) may be a selectable configu-
ration in NFC service parameters in the NFC device op-
erating system. Other configurations may include to au-
tomatically start a card emulated transaction after detec-
tion of an RSSI value above a configurable threshold
without additional user interaction.
[0056] Figure 2 shows a sequence diagram of mes-
sages exchanged between a first RFID-enabled device
and an NFC reader of a door lock system. The first RFID-
enabled device operates with the known NFC protocol.
Hence, in the following, the first RFID-enabled device is
also denominated "mobile NFC-enabled device" or sim-
ply "mobile NFC device".
[0057] The mobile NFC device comprises inter alia the
already above elucidated units (i) RF Modem 120, (ii)
processor running the guiding application 130, and (iii)
3D accelerator sensor 170. Indicted in Figure 2 with a
block 284 are several messages which are associated
with a single one of in reality a plurality of polling actions
of the second RFID-enabled device 180. In the following
the second RFID-enabled device 180 is also denominat-
ed "NFC reader".
[0058] According to the exemplary embodiment de-
scribed here, a user 290 enters the positioning / align-
ment mode of the mobile NFC device by opening the
related application (step S1). This enables an RSSI-listen
only mode of the RF Modem 120 (step S2). The applica-
tion 130 can show a graphical user interface as described
in a later section of this document. Additionally, the initial
3D position information is requested by the application
130 from the (internal) accelerator sensor 170 (step S3)
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and the accelerator sensor 170 reports the initial 3D po-
sition information back to the application 130 (step S4).
This information will be memorized in a non-depicted
memory of the mobile NFC device and will later be used
for positioning tracking.
[0059] The RF modem 120 will recurringly update the
application 130 about detected external RF field’s by no-
tifying instantaneous RSSI levels (step S5). The corre-
sponding messages are indicated in Figure 3 with a mes-
sage block 284. Hence, according to the exemplary em-
bodiment described here the NFC reader 180 sends only
short RF polling sequences. Alternatively, the NFC read-
er 180 may keep its RF field enabled all the time. Typi-
cally, the RF modem 120 may send RSSI updates after
detecting an external RF field being enabled or recur-
ringly with a configurable polling timing when an external
RF field is present. Depending on the positioning of the
NFC device, the RSSI level can increase (e.g. the mobile
NFC device is brought to closer proximity of the NFC
reader 180), can decrease (e.g. the mobile NFC device
is further removed from the NFC reader 180) or can van-
ish at all (e.g. no RSSI update is given within a config-
urable timeout time duration or the mobile NFC device
was removed from the NFC reader 180). The RSSI
strength information can be visualized in a user interface
of the mobile NFC device by various methods presented
below in this document.
[0060] As has already been elucidated above, the RS-
SI strength information is associated with the expected
NFC communication robustness. Hence, the user 290 of
the mobile NFC device can also detect if or if not in a
current position of the mobile NFC device an external RF
field provided by the NFC reader 180 or any other NFC
terminal is present.
[0061] After any received RSSI updates, the applica-
tion 130 will request information about the 3D position of
the mobile NFC device at the time of the RSSI update
from the accelerometer sensor 170 (step S6) and the
accelerometer sensor 170 will report the respective po-
sition to the application 130 (step S7).
[0062] Based on various position information the
movement trajectory in space is estimated (step S8). The
application 130 can process the combined information
of movement trajectory and the RSSI change rate (in-
crease or decrease in value) to estimate the direction of
movement in space to position the NFC device for better
communication robustness to the NFC reader 180 (e.g.
the direction of expected stronger RSSI values). This in-
formation is visualized (step S9) in the graphical user
interface using e.g. an arrow indicating the proposed mo-
bile NFC device movement direction to increase commu-
nication robustness.
[0063] The application can also guide the user by
showing text information. This allows to instruct the de-
vice user further to learn the position of the a mobile NFC
device on the NFC reader 180 or on other NFC terminal
allowing for an increased communication robustness.
[0064] After spatially locating the mobile NFC device

in a good NFC communication position on, at, or relative
to the NFC reader 180, the user 290 may want to start a
transaction. Hence, the user informs the application 130
accordingly e.g. by pressing a button provided by the
application 130 within a display of the NFC device (step
S10). In response to this request of the user 290 the
application 130 enables the above described second op-
erational mode, i.e. the card emulation mode (step S11).
[0065] If the RF transaction will be successful, the NFC
reader 180 will trigger the associated action (step S12).
In this example a door (of a restricted area) will open
(step S13). Further, the RF modem 120 of the mobile
NFC device notifies the application 130 about the suc-
cessful transaction (step S14). Furthermore, the applica-
tion 130 will close the Graphical User Interface (step
S15).
[0066] It is to be noted that the RF modem 120 may
require a minimum RSSI level to perform card mode
transactions. This may be needed to ensure sufficient
signal to noise ratio operating points for a stable and ro-
bust NFC communication. As described above, during
the positioning / alignment mode the RF modem 120 does
not perform RF communication but monitors only the
presence of external RF fields. Thus, during the position-
ing / alignment mode the RF modem 120 may report RSSI
levels above a predefined or a configurable minimum RS-
SI level. Such a RSSI level report indicates the applica-
tion 130 that it would be worthwhile to run the card em-
ulation mode for possibly successful transactions.
[0067] It is mentioned that in the exemplary embodi-
ment described here the application 130 uses the 3D
position information provided by an accelerometer sen-
sor 170 additionally to the mandatory RSSI information
provided by the RF modem 120. However, for somebody
skilled in the art it is obvious to derive a basic implemen-
tation of the positioning guidance described in this doc-
ument without considering information from the acceler-
ometer sensor 170.
[0068] Figures 3a and 3b show two examples for a
Graphical User Interface (GUI) 150 which indicates the
user to move the first RFID-enabled device respectively
the mobile NFC device 110 towards a better RFID cou-
pling position. According to the exemplary embodiment
described here the GUI is a usual display 150. The (po-
sitioning guiding) application is visualizing relevant infor-
mation to guide a placement of the mobile NFC device
110 close an NFC reader (not depicted in Figure 3). For
this a guiding indicator 352 can be used. According to
the exemplary embodiment described here the guiding
indicator 352 is shown close to the physical location of
the center point of the (secondary) NFC antenna of the
mobile NFC device 110. In this respect it is pointed out
that the (secondary) NFC antenna is located typically at
the backside of the mobile NFC device. In order to im-
prove the positioning accuracy the application is config-
ured with information about the x/y coordinate of the (sec-
ondary) NFC antenna to visualize the guiding indicator
352 at the relevant position.
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[0069] The implementation of the guiding indicator 352
representation may vary. The two examples shown in
Figures 3a and 3b use a multiplicity of circles around the
position of the (secondary) NFC antenna. An increased
number of circles may indicate a better coupling to the
NFC reader (e.g. associated to an increased RSSI level).
In other embodiments, a gauge or bar style indicator is
used (additionally) as a guiding indicator. Additionally or
alternatively, a color coding may be used to intuitively
signal position quality to the user of the mobile NFC de-
vice 110. As an example, green may indicate a good
position, whereas red coloring may indicate an expected
weak coupling such that no robust RF transaction is ex-
pected to be possible. Other color coding examples may
include coloring the complete device screen or a frame
around the screen.
[0070] According to the exemplary embodiment de-
scribed here the GUI 150 features buttons to provide user
interaction. A "start transaction" button 332a is provided
to leave the above described positioning / alignment
mode and to enable the card emulator unit emulator to
run the desired NFC transaction after finding a good NFC
coupling position. Additionally, according to the exem-
plary embodiment described here a "cancel" button 332b
is provided to leave the positioning / alignment mode with-
out running an NFC transaction.
[0071] The mobile NFC device 110 shown in Figure 3b
represents an advanced device being equipped with a
3D accelerometer sensor which provides acceleration
data to the application. Here, in addition to before-men-
tioned positioning information, movement indicator 354
is shown be the application. According to the exemplary
embodiment described here the movement indicator 354
is a direction guiding pictogram (like an arrow) which sug-
gests the user to move the mobile NFC device into a
certain direction. The direction is proposed based on his-
toric RSSI measurements data combined with detected
movement trajectory data. This allows an increased po-
sitioning accuracy and a better guiding for the user.
[0072] According to the exemplary embodiments de-
scribed here, the GUI 150 further shows additional infor-
mation respectively instructions 356 to inform the user
what should be done. Alternatively or in combination, the
additional information may include information that no
RF field is found (e.g. no RSSI value).
[0073] It should be noted that the term "comprising"
does not exclude other elements or steps and "a" or "an"
does not exclude a plurality. Also elements described in
association with different embodiments may be com-
bined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of
the claims.

Reference Numerals:

[0074]

110 first RFID enabled device / cellular phone with

NFC functionality
112 first antenna / secondary antenna
120 RF modem
122 signal strength sensor / RSSI sensor
130 processor / NFC device positioning guiding ap-

plication
140 card emulator unit
150 user interface / GUI / display
160 non-volatile memory
170 accelerator sensor

180 second RFID enabled device / NFC reader ter-
minal

182 second antenna / primary antenna

284 polling associated messages
290 user

332a application button / start transaction button
332b application button / cancel transaction button
352 guiding indicator
354 movement direction indicator
356 user instructions

Claims

1. A method for guiding a user (290) for positioning a
first RFID-enabled device (110) relative to a second
RFID-enabled device (180) for allowing a robust
RFID communication between the two RFID-ena-
bled devices (110, 180), the method comprising

placing the first RFID-enabled device (110) to a
first position relative to the second RFID-ena-
bled device (180);
receiving, by the first RFID-enabled device
(110), when being located at the first position, a
first RFID signal transmitted by the second
RFID-enabled device (180);
measuring, by the first RFID-enabled device
(110), a first signal strength of the first RFID sig-
nal;
placing the first RFID-enabled device to a sec-
ond position relative to the second RFID-ena-
bled device;
receiving, by the first RFID-enabled device
(110), when being located at the second posi-
tion, a second RFID signal transmitted by the
second RFID-enabled device (180);
measuring, by the first RFID-enabled device
(110), a second signal strength of the first RFID
signal;
determining, based on the first signal strength
and on the second signal strength, a movement
indication (352, 354) for a movement of the first
RFID-enabled device (110) towards a target po-
sition, at which there is expected a target RF
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coupling strength between the two RFID-ena-
bled devices (110, 180), which is stronger than
(i) a first RF coupling strength being associated
with the first position and (ii) a second RF cou-
pling strength being associated with the second
position; and
providing the determined movement indication
(110, 180) to the user (290) of the first RFID-
enabled device.

2. The method as set forth in the preceding claim,
wherein

the first RFID-enabled device is a mobile device
(110) and
the second RFID-enabled device is a terminal
or a reader device (180).

3. The method as set forth in any one of the preceding
claims, further comprising
switching the operational mode of the first RFID-en-
abled device (110) from a first operational mode (S2)
to a second operational mode (S11), wherein

(i) the first operational mode is a measurement
mode (S2) which enables the first RFID-enabled
device (110) to measure at least the first signal
strength and the second signal strength and
(ii) the second operational mode is a card emu-
lation mode (S11) which enables the first RFID-
enabled device to provide the functionality of an
Integrated Circuit Card.

4. The method as set forth in the preceding claim 3,
further comprising
indicating a current RF coupling strength to the user
(290).

5. The method as set forth in any one of the preceding
claims 3 to 4, wherein
the switching from the first operational mode (S2) to
the second operational mode (S11) is carried out
automatically when a current RF coupling strength
or the current RF coupling strength is stronger than
a predefined threshold.

6. The method as set forth in any one of the preceding
claims 3 to 5, further comprising, in the second op-
erational mode,
exchanging RFID data signals between the first
RFID-enabled device (110) and the second RFID-
enabled device (180), wherein the RFID data signals
are associated with a transaction, in particular a com-
mercial transaction.

7. The method as set forth in the preceding claim,
wherein
after switching from the first operational mode (S2)

to the second operational mode (S11), exchanging
the RFID data signals is started automatically.

8. A first RFID-enabled device (110), comprising

a first antenna (112) for receiving RFID signals
from a second antenna (182) of a second RFID-
enabled device (180) and for transmitting RFID
signals to the second antenna (182);
a signal strength sensor (122), which is coupled
to the first antenna (112) and which is configured
for

(i) measuring a first signal strength of a first
RFID signal, which has been transmitted by
the second RFID-enabled device (180)
when the first RFID-enabled device (110) is
located at a first position relative to the sec-
ond RFID-enabled device (180) and
(ii) measuring a second signal strength of a
second RFID signal, which has been trans-
mitted by the second RFID-enabled device
(180) when the first RFID-enabled device
(110) is located at a second position relative
to the second RFID-enabled device (180);

a processor (130), which is coupled to the signal
strength sensor and which is configured for de-
termining, based on the first signal strength and
on the second signal strength, a movement in-
dication (352, 354) for a movement of the first
RFID-enabled device (110) towards a target po-
sition, at which there is expected a target RF
coupling strength between the two RFID-ena-
bled devices (110, 180), which is stronger than
(i) a first RF coupling strength being associated
with the first position and (ii) a second RF cou-
pling strength being associated with the second
position; and
a user interface (150), which is coupled to the
processor (130) and which is configured for pro-
viding the determined movement indication
(352, 354) to a user (290) of the first RFID-en-
abled device (110).

9. The first RFID-enabled device (110) as set forth in
the preceding device claim, wherein the processor
(130) is configured for operating the first RFID-ena-
bled device (110)

(i) in a first operational mode (S2), which

enables the first RFID-enabled device (110)
to measure at least the first signal strength
and the second signal strength and which
disables the first RFID-enabled device
(110) to provide the functionality of an Inte-
grated Circuit Card, and
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(ii) in a second operational mode (S11), which

enables the first RFID-enabled device (110) to pro-
vide the functionality of an Integrated Circuit Card.

10. The first RFID-enabled device (110) as set forth in
any one of the preceding device claims, further com-
prising
an accelerometer sensor (170), which is coupled to
the processor (130) and which is configured for pro-
viding acceleration data to the processor (130),
wherein the processor (130) is configured for calcu-
lating trajectory information of a movement between
the first position and the second position, wherein
for determining the movement indication (352, 354)
the calculated trajectory information is taken into ac-
count.

11. The first RFID-enabled device (110) as set forth in
any one of the preceding device claims, further com-
prising
a non volatile memory (160), which has stored at
least one configurable signal strength range which
is mapped to a device positioning quality.

12. The first RFID-enabled device (110) as set forth in
any one of the preceding device claims, wherein
the user interface comprises a display (150).

13. The first RFID-enabled device as set forth in any one
of the preceding device claims, wherein
the user interface comprises an acoustic output de-
vice and/or a vibrating actuator.

14. RFID communication system comprising

a first RFID-enabled device (110) as set forth in
any one of the preceding device claims; and
the second RFID-enabled device (180).

Amended claims in accordance with Rule 137(2)
EPC.

1. A method for guiding a user (290) for positioning a
first RFID-enabled device (110) relative to a second
RFID-enabled device (180) for allowing a robust
RFID communication between the two RFID-ena-
bled devices (110, 180), the method comprising

placing the first RFID-enabled device (110) to a
first position relative to the second RFID-ena-
bled device (180);
receiving, by the first RFID-enabled device
(110), when being located at the first position, a
first RFID signal transmitted by the second
RFID-enabled device (180);
measuring, by the first RFID-enabled device

(110), a first signal strength of the first RFID sig-
nal;
placing the first RFID-enabled device to a sec-
ond position relative to the second RFID-ena-
bled device;
receiving, by the first RFID-enabled device
(110), when being located at the second posi-
tion, a second RFID signal transmitted by the
second RFID-enabled device (180);
measuring, by the first RFID-enabled device
(110), a second signal strength of the first RFID
signal;
determining, based on the first signal strength
and on the second signal strength, a movement
indication (352, 354) for a movement of the first
RFID-enabled device (110) towards a target po-
sition, at which there is expected a target RF
coupling strength between the two RFID-ena-
bled devices (110, 180), which is stronger than
(i) a first RF coupling strength being associated
with the first position and (ii) a second RF cou-
pling strength being associated with the second
position; and
providing the determined movement indication
(110, 180) to the user (290) of the first RFID-
enabled device;
characterized in that the method further com-
prises providing, by an accelerometer sensor
(170) comprised in the first RFID-enabled de-
vice (110), acceleration data to a processor
(130) comprised in the first RFID-enabled de-
vice (110), and calculating, by the processor
(130), trajectory information of a movement be-
tween the first position and the second position,
wherein for determining the movement indica-
tion (352, 354) the calculated trajectory informa-
tion is taken into account.

2. The method as set forth in the preceding claim,
wherein

the first RFID-enabled device is a mobile device
(110) and
the second RFID-enabled device is a terminal
or a reader device (180).

3. The method as set forth in any one of the preceding
claims, further comprising
switching the operational mode of the first RFID-en-
abled device (110) from a first operational mode (S2)
to a second operational mode (S11), wherein

(i) the first operational mode is a measurement
mode (S2) which enables the first RFID-enabled
device (110) to measure at least the first signal
strength and the second signal strength and
(ii) the second operational mode is a card emu-
lation mode (S11) which enables the first RFID-
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enabled device to provide the functionality of an
Integrated Circuit Card.

4. The method as set forth in the preceding claim 3,
further comprising
indicating a current RF coupling strength to the user
(290).

5. The method as set forth in any one of the preceding
claims 3 to 4, wherein
the switching from the first operational mode (S2) to
the second operational mode (S11) is carried out
automatically when a current RF coupling strength
or the current RF coupling strength is stronger than
a predefined threshold.

6. The method as set forth in any one of the preceding
claims 3 to 5, further comprising, in the second op-
erational mode,
exchanging RFID data signals between the first
RFID-enabled device (110) and the second RFID-
enabled device (180), wherein the RFID data signals
are associated with a transaction, in particular a com-
mercial transaction.

7. The method as set forth in the preceding claim,
wherein
after switching from the first operational mode (S2)
to the second operational mode (S11), exchanging
the RFID data signals is started automatically.

8. A first RFID-enabled device (110), comprising

a first antenna (112) for receiving RFID signals
from a second antenna (182) of a second RFID-
enabled device (180) and for transmitting RFID
signals to the second antenna (182);
a signal strength sensor (122), which is coupled
to the first antenna (112) and which is configured
for

(i) measuring a first signal strength of a first
RFID signal, which has been transmitted by
the second RFID-enabled device (180)
when the first RFID-enabled device (110) is
located at a first position relative to the sec-
ond RFID-enabled device (180) and
(ii) measuring a second signal strength of a
second RFID signal, which has been trans-
mitted by the second RFID-enabled device
(180) when the first RFID-enabled device
(110) is located at a second position relative
to the second RFID-enabled device (180);

a processor (130), which is coupled to the signal
strength sensor and which is configured for de-
termining, based on the first signal strength and
on the second signal strength, a movement in-

dication (352, 354) for a movement of the first
RFID-enabled device (110) towards a target po-
sition, at which there is expected a target RF
coupling strength between the two RFID-ena-
bled devices (110, 180), which is stronger than
(i) a first RF coupling strength being associated
with the first position and (ii) a second RF cou-
pling strength being associated with the second
position; and
a user interface (150), which is coupled to the
processor (130) and which is configured for pro-
viding the determined movement indication
(352, 354) to a user (290) of the first RFID-en-
abled device (110);
characterized in that the first RFID-enabled
device (110) further comprises an accelerome-
ter sensor (170), which is coupled to the proc-
essor (130) and which is configured for providing
acceleration data to the processor (130), where-
in the processor (130) is configured for calculat-
ing trajectory information of a movement be-
tween the first position and the second position,
wherein for determining the movement indica-
tion (352, 354) the calculated trajectory informa-
tion is taken into account.

9. The first RFID-enabled device (110) as set forth in
the preceding device claim, wherein the processor
(130) is configured for operating the first RFID-ena-
bled device (110)

(i) in a first operational mode (S2), which

enables the first RFID-enabled device (110)
to measure at least the first signal strength
and the second signal strength and which
disables the first RFID-enabled device
(110) to provide the functionality of an Inte-
grated Circuit Card, and

(ii) in a second operational mode (S11), which
enables the first RFID-enabled device (110) to
provide the functionality of an Integrated Circuit
Card.

10. The first RFID-enabled device (110) as set forth in
any one of the preceding device claims, further com-
prising
a non volatile memory (160), which has stored at
least one configurable signal strength range which
is mapped to a device positioning quality.

11. The first RFID-enabled device (110) as set forth in
any one of the preceding device claims, wherein
the user interface comprises a display (150).

12. The first RFID-enabled device as set forth in any one
of the preceding device claims, wherein
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the user interface comprises an acoustic output de-
vice and/or a vibrating actuator.

13. RFID communication system comprising

a first RFID-enabled device (110) as set forth in
any one of the preceding device claims; and
the second RFID-enabled device (180).
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